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Abstract 
 
The use of intelligent transport systems is proliferating across the Australian road network, 
particularly on major freeways. New technology allows a greater range of signs and messages 
to be displayed to drivers. While there has been a long history of human factors analyses of 
signage, no evaluation has been conducted on this novel, sometimes dynamic, signage or 
potential interactions when co-located. The purpose of this driving simulator study was to 
investigate drivers’ behavioural changes and comprehension resulting from the co-location of 
Lane Use Management Systems with static signs and (Enhanced) Variable Message Signs on 
Queensland motorways.  A section of motorway was simulated, and nine scenarios were 
developed which presented a combination of signage cases across levels of driving task 
complexity. Two higher-risk road user groups were targeted for this research on an advanced 
driving simulator: older (65+ years, N=21) and younger (18-22 years, N=20) drivers. 
Changes in sign co-location and task complexity had small effect on driver comprehension of 
the signs and vehicle dynamics variables, including difference with the posted speed limit, 
headway, standard deviation of lane keeping and brake jerks. However, increasing the 
amount of information provided to drivers at a given location (by co-locating several signs) 
increased participants’ gaze duration on the signs. With co-location of signs and without 
added task complexity, a single gaze was over 2s for more than half of the population tested 
for both groups, and up to 6 seconds for some individuals. 
1 Introduction 
 
The use of intelligent transport systems (ITS) technologies is proliferating across the 
Queensland road network in Australia, particularly on major freeways. New technology 
allows a greater range of signs and messages to be displayed to drivers. Such new signs will 
be co-located with existing signs on Queensland highways, as there is a lack of space 
available between current signs in order to add signs following the Traffic and Road Use 
Management Manual (Transport and Main Roads, 2002) in application in Queensland. A 
driver’s ability to assimilate and respond to the information conveyed through these signs is 
likely to vary in response to context-related factors, such as traffic, experience and 
environmental conditions. Individual-based characteristics including age and prior exposure 
to the technology are also likely to affect a driver’s ability to detect, interpret, and respond to 
the information presented.  
 
Driving takes place in an environment that requires more information processing than what a 
human can handle at a given time (Borowsky, Shinar & Parmet, 2008; Chun, 2003). This 
issue is likely to worsen with the current increasing trend of visual information provided to 
drivers (Birdsall, 2008), with ITS signage in particular. Therefore drivers make decisions 
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under severe time constraints with a partial view of the situation. It is important to ensure that 
the new road signage arrangements does not exceed the cognitive capacity of human beings 
and do not result in unsafe driving behaviours. Co-locating signs could affect some of the 
parameters highlighted in Bendak & Al-Saleh (2010): such as distraction or confusion while 
driving and taking drivers' eyes off the road, and hence result in reduced driving performance 
(such as drifting from lane as in Bendak & Al-Saleh (2010) and decision errors. Another 
potential issue with co-location of signs is the use of ITS signs that are dynamic, which is 
more likely to attract more glances from drivers and for longer times (Beijer,Smiley & 
Eizenman, 2004). 
 
While there has been a long history of human factors analyses of signage, the co-location of 
new ITS signs, often dynamic, with directional signage and Enhanced Variable Message 
Signs (EVMS)  has not been properly evaluated although it is about to be implemented on 
Queensland roads. Further, the interaction between signage classes and levels of information 
has not been evaluated. Little research has examined the impact of such interactions with 
driver distraction. Research has proposed that billboards can cause task interference, as they 
attract visual attention and cognitive central processing as the driver determines whether the 
billboard is relevant to their current goals (Wickens, 2008). Further research has confirmed 
this notion, with results similar to those found by other studies examining the effect of 
distraction by auditory and in-vehicle visual tasks on driving performance. Scanning patterns 
for novice (18-25 years old) and older (>65 years old) drivers have been shown to be affected 
by the presence of billboards. Lane change errors increased in the presence of billboards 
(Edquist, Horberry, Hoskings & Johnston, 2011). Additional research has shown that the 
presence of roadside advertisements impaired lateral vehicle control, and increased the 
number of glances away from the forward road (Young, Mahfoud, Stanton, Salmon, Jenkins 
& Walker, 2009).   Complex roadside signage may cause similar interference to the driving 
task.  
 
Research in the area of driver distraction has provided little attention to the constructed 
roadside environment.  Research has demonstrated the relationship between eye gaze 
behaviour and crash risk. Eye gaze directed away from the forward road for longer than 2 
seconds has been shown to result in a significant increase in the risk of a near-crash or crash 
(Klauer, Dingus, Neale, Sudweeks & Ramsey, 2006).  It was noted in this study that the 
reasons behind eye glance movement away from the roadway is an important consideration 
when determining the safety implications, with scanning the driving environment considered 
a safety-enhancing activity. However, the researchers note that the drivers’ eye should still 
return to the forward view in under 2 seconds.  
 
We investigate driver comprehension and behaviours resulting from the co-location of Lane 
Use Management Systems (LUMS) with static signs and EVMS on motorways. To date, 
there has been no published research on the impact of standard roadside signs (regulatory and 
directional) on driver behaviour. As such, there is no standard testing protocol that could be 
implemented in simulator-based studies to evaluate the impact of new signage. This project 
aims to establish driver comprehension of the signs through objective measurements such as 
lane choice, vehicle speed, successful/ unsuccessful completion of scenario mission; and 
examine how these complex sign environments (complexity referring here to the number of 
co-located signs) may impact on driver safety (through objective measures such as vehicle 
control variables and driver gaze patterns). The impact of multiple complex signs (co-
location of up to three types of signs) on driver behaviour is examined through using a 
within-subject (repeated measures) factorial study design on an advanced driving simulator.  
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2 Method 
2.1 Experimental design 
 
The study used a 3 (sign complexity design: no co-location, dual co-location, and triple co-
location) x 3 (task complexity: simple, increased, and complex) within-subject repeated 
measures experimental design. A control condition (scenario) was implemented to record 
baseline driving performance with no sign or task complexity offered. The remaining 
scenarios were designed in accordance with only 8 of the potential combinations of signs’ 
complexity and task complexity factors. Participants were exposed to all nine scenarios (each 
lasting approximately 3 minutes), thus controlling for inter-participant differences. Scenarios 
were developed to investigate the effect of co-location of signs in a high-speed road 
environment (90 km/h). The scenarios were designed to cover a spectrum of complexity that 
may be experienced in motorway driving (see Table 1). 
 
This experiment was designed to examine the impact of increased sign complexity on two 
higher-risk road user groups, older (65+ years) and younger (18-22 years) drivers. As no 
baseline group (e.g. a group of drivers aged 30-59 years) was included in the design, it is not 
possible to compare results between the two groups. 
 
Task load was increased by increasing the number of decisions required to be made by the 
driver. These were achieved through lane closures (and associated speed limit reductions) and 
route changes. Summary information of the task demands for each test scenario is provided in 
Table 1. 
 
 
Table 1. Description of environment and tasks required for each scenario.  
Scenario Signs co-location Task complexity Task requirements 
1 
(Baseline) 
No co-location of 
EVMS, LUMS or 
Directional signs 
No information on 
signs 
Instructed to drive along highway, and that 
the speed limit is 90km/h 
No speed limit changes 
No lane closures 
No co-location of signs, expected signs 
(LUMS/EVMS/Directional) are present, but 
are left blank 
2 No co-location of 
EVMS, LUMS or 
Directional signs 
No additional driving 
task load 
Instructed to drive to Brisbane(not required 
to exit) 
No speed limit changes 
No lane closures 
No co-location of signs, signs are present 
and contain information 
Signs contain information 
3 Co-location of LUMS 
and EVMS, Directional 
signs separate 
No additional driving 
task load 
Instructed to drive to Jindalee (not required 
to exit) 
No speed limit changes 
No lane closures 
Co-location of LUMS/EVMS, signs are 
present and contain information 
4 Co-location of LUMS, 
EVMS and Directional 
signs 
No additional driving 
task load 
Instructed to drive to Oxley (not required to 
exit) 
No speed limit changes 
No lane closures 
Co-location of LUMS/EVMS/Directional, 
signs are present and contain information 
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5 No co-location of 
EVMS, LUMS or 
Directional signs 
Slightly increased 
driving task load 
Instructed to drive to Logan  (exit required) 
No speed limit changes 
Logan exit closed, and detour signed 
instructing participants to take next 
available exit  
No co-location of signs, signs are present 
and contain information 
6 Co-location of LUMS 
and EVMS, Directional 
signs separate 
Slightly increased 
driving task load 
Instructed to drive to Brisbane (no exit 
required) 
Speed limit progressively reduced for road 
works 
Far left lane closed 
Co-location of LUMS/EVMS, signs are 
present and contain information 
7 Co-location of LUMS, 
EVMS and Directional 
signs 
Slightly increased 
driving task load 
Instructed to drive to Brisbane (no exit 
required) 
Speed limit progressively reduced for 
congestion at the end of the scenario 
No lane closures 
Co-location of LUMS/EVMS/Directional, 
signs are present and contain information 
8 Co-location of LUMS, 
EVMS and Directional 
signs 
Complex driving tasks Instructed to drive to Brisbane (no exit 
required) 
Speed limit progressively reduced for 
incident ahead 
The two right lanes are progressively closed 
for a collision (crashed vehicles present in 
simulation) 
Co-location of LUMS/EVMS/Directional, 
signs are present and contain information 
9 Co-location of LUMS, 
EVMS and Directional 
signs 
Complex driving tasks Instructed to drive to Dara (exit required) 
No speed limit changes 
No lane closure 
Driver required to identify correct exit in an 
exit-exit configuration (where they are 
required to take the 2nd exit) 
Co-location of LUMS/EVMS/Directional, 
signs are present and contain information 
 
2.2 Driving simulation environment design 
 
Driving scenarios occurred on a 5 kilometre long road segment modelling a section of the 
Ipswich Motorway between Gailes and the Centenary Motorway, in Brisbane, Queensland. 
The road segment replicates the horizontal alignment of the road but not the vertical 
alignment of the Ipswich Motorway (flat segment) and is a 3-lane, 2-way motorway with two 
exits. The visuals of the modelled road segment were composed of concrete roadside barriers 
as well as some trees.  
 
The signs reflect the standards currently outlined in Manual of Uniform Traffic Control 
Devices in terms of sign colour, font, content, and position. The same number of signs, of the 
same size, appeared in all scenarios. Only the arrangement of the signs was changed between 
scenarios. Examples of configurations under consideration by Transport and Main Roads and 
implemented in this experiment are presented in Figure 1. 
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Figure 1: (a) Co-location of LUMS and EVMS; (b) Co-location of LUMS, EVMS and 
static directional signs 
2.3 Participants 
 
The minimum sample size was calculated for a repeated measures Analysis of Variance. The 
requirement for counterbalancing the order of scenario presentation across participants, and 
for sample representativeness, we expect a minimum sample size of approximately 20 
participants per group.  
 
A total of 23 younger drivers were recruited to participate. Three participants did not attend 
their scheduled testing session which resulted in a total of 20 participants in the younger 
driver group (Mean age 19.0, SD 1.3). The gender profile was approximately even for the 
younger driver group.  
 
A total of 24 participants were recruited as part of the older driver subsample. One participant 
did not attend their scheduled time, and two participants were unable to continue with testing 
due to motion sickness and, as such, the older driver group consisted of 21 participants (Mean 
age 68.7, SD 6.3). The gender balance in the older driver group was slightly skewed towards 
male drivers but, this pattern was thought to represent the gender split of the general driving 
population of that age group.  
 
All participants held a valid driving license, provided written consent for this study, which 
was approved by the Queensland University of Technology ethics committee (Approval 
Number: 1100001077), and were paid AU$50 at completion of the experiment. 
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2.4 Materials 
 
Experimentation was conducted on an advanced driving simulator running OKTAL SCANer 
Studio v1.1 simulation software. Hardware is composed of a Bosch Rexroth E-Motion-1500 
Electric Motion System providing motion with 6 degrees of freedom, Six HP Z800 
workstations, with GeForce XFX GTX285 1GB graphics cards, running components of 
simulation software, three Projection Design F22 sx+ 2100 Lumens projectors, projecting on 
three flat 4x3m screens at 1400 x 1050 resolution, giving a forward view of approximately 
180° horizontal and 45° vertical, three 8-inch LCD screens, with 800 x 600 resolution, to 
replace the side and central mirrors, a complete Holden VE Calais vehicle body, with 
working vehicle controls and instruments and stereo simulation sound using the vehicles 
existing speaker system and an additional subwoofer. The eye tracker FaceLab v5 is also 
installed in the simulator. 
2.5 Testing protocol 
 
Participants were provided with images of vehicles they would be presented with in the 
simulator and images of the signs included in the simulations, as several signs were novel and 
required explanations. Drivers were then shown the simulator vehicle, and were settled into 
the vehicle. Participants then completed a familiarization drive. All participants received the 
baseline scenario first. After the first scenario, participants were presented, using a 
randomized order, the remaining 8 scenarios. To ensure consistency between participants, 
pre-recorded voice instructions that detailed the final destination for the scenario and a 
general instruction to drive as they would usually drive were played at the commencement of 
each scenario.  
2.6 Data collected 
 
Variables related to vehicle dynamics, eye gaze patterns (sampled at 60Hz) and driver-
decision making were collected. To obtain meaningful measures for analysis, data collection 
was reduced to the road sections around the first and second exits. Each road section contains 
the same number of static signs, LUMS and EVMS (from 1.5km before the exit to 100m after 
the exit). They differ in terms of co-location of signs and complexity of the information 
displayed (the complexity depends on the scenario). 
 
For analysing drivers’ decision-making, surrogate measures of participants’ compliance were 
collected:  
• Correct route choice  
• Appropriate choice of lane  
 
The variables analysed for vehicle dynamics were: 
• Maximal difference between vehicle speed and speed limit; 
• Percentage of time the vehicle is above the speed limit; 
• Hard use of the brakes; 
• Minimal headway; 
• Mean headway; and 
• Variance in lane positioning. 
 
Participants with poor FaceLab tracking were excluded. Data was considered inadequate if 
FaceLab was unable to reliably detect pupils, or it was not possible to complete FaceLab 
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calibration. In the younger driver group, the data from 4 participants were excluded. In the 
older driver group, the data from 7 participants (33.3%) were excluded. 
 
Data was cleaned prior to analysis as follows. To give drivers time to adapt to changes in 
speed limits, zones within 150 meters of a speed limit change were filtered. Variability of 
lane positioning and steering wheel was also not considered when participants were 
conducting a changing lane manoeuvre and on road curves where the curvature was greater 
than 0.0007m-1 for data reliability reasons. 
For analysing eye gaze behaviour, screen regions where eye tracker is inaccurate (i.e. an 
angle greater than 25° up/down/left or right) were removed. Data were then extracted for the 
following variables: 
• Percentage of time gaze was on the road; 
• Percentage of time gaze was on signs; 
• Maximal time spent on one sign. 
2.7 Statistical analysis 
 
All analyses were conducted using IBS SPSS (v19). Repeated measures Analysis of Variance 
(ANOVA’s) tests were conducted on vehicle dynamics variables and eye gaze variables. 
When Mauchly’s Test of Sphericity was violated, Greenhouse-Geisser adjusted measures 
were used.  
 
An a priori power analysis was conducted. For a sample size of 20 participants, a correlation 
between the repeated measures of 0.5 and an alpha set at 0.05, calculations predicted 90% 
power to detect differences of medium sized effects (f=0.25) , and therefore the study was not 
powered to detect small effects. In the area of road safety, small effects are an issue due to 
high exposure (number of drivers, and kilometres travelled). 
3 Results 
 
Results are presented in Table 2.  The table is divided in sections and presents results for each 
group for decision-making, compliance with lane closures, vehicle dynamics and gaze 
patterns.  Scenarios with a low task demand were examined separately to those with 
increased task demand, as a review of vehicle dynamics variables showed a non-linear 
response to the changes in task complexity and sign co-location suggesting that there is a 
complex interaction between sign complexity and task difficulty. Analysis of vehicle and 
gaze variables are therefore presented and split into two sections each. The first section 
examines the scenarios with low task load. Scenarios 1-4 outline the direct influence of 
changes in sign arrangements. The second section examines Scenarios 5-9, which represent 
discrete. 
3.1 Decision-making 
 
Overall drivers made few incorrect itinerary decisions (2 errors for young drivers and 11 for 
older drivers). The majority of errors occurred in scenarios with increased complexity.  
 
Lane closures were present in three scenarios. There was 100% compliance with lane 
closures for all younger drivers, except for one particular scenario with lanes closed because 
of a 2-vehicle crash. After passing the simulated collision, 70% of participants then moved to 
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the free centre lane to avoid slow-moving traffic. Similar results were observed with the older 
group (67%). 
3.2 Simple Tasks 
 
In the first four scenarios with low task load, results for the young driver subsample revealed 
that no statistical difference was found for the proportion of time spent over the speed limit, 
the maximum difference with the posted speed limit, with minimum headway and brake 
jerks. Other variables, such as mean headway and maximum speed limit were found to have 
statistically significant differences between scenarios, but it was not usually a linear trend that 
reflected a progressive increase in signage complexity. The estimated means for the 
proportion of time spent looking at signs increased as sign complexity increase. The mean 
time spent looking at any sign also increased as sign complexity increased. The longest gaze 
length on a single sign was shown to be statistically different for the different scenarios. 
There was between-subject variability in the length of the longest glance at a single sign. This 
variability increased when two or three signs were co-located. It is important to note that in 
Scenario 3 at least one person had a gaze length on a single sign of 4 seconds, and in Scenario 
4 at least one participant had a gaze length of 6 seconds on a single sign. These findings 
indicate that at least half of observed values were above 2.0s for Scenario 3 and Scenario 4. 
 
For the older driver sample, the results revealed that no statistical difference was found for all 
speed and headway variables. Brake jerk and the standard deviation in steering wheel 
movement were the only variables found to have statistically significant differences between 
scenarios, but it was not usually a linear trend that reflected a progressive increase in signage 
complexity. For gaze patterns, there was an increase in the proportion of time that older 
drivers’ gaze remained on the sign. As sign complexity increased, the mean length of glance 
duration increased. The maximum length of a single gaze on a sign also increased as sign 
complexity increased. The variation between older participants in the length of a single gaze 
on a sign increased as sign complexity increased. In Scenario 4, the maximum length of a 
single gaze ranged from less than 1s to as much as 8s. The 85th percentile of maximum gaze 
duration differed across scenarios, from 0.4s in Scenario 1 to 7.4s in Scenario 4.  
3.3 Complex Tasks 
 
The interaction between increasing task complexity and sign co-location was examined; 
however, Scenarios 5-9 are discrete scenarios with no linear relationship in task complexity. 
The scenarios with greater task loads were compared with the baseline scenario.  
 
For the group of young drivers, the difference in speed with the posted speed limit and brake 
jerks were statistically higher for scenario 8 and was related to the non-observance of the lane 
closure after the crash location. No significant difference was found in percentage of time 
over the speed limit, lane keeping behaviour, minimum and mean headways between 
scenarios. When focusing on gaze patterns, the proportion of time spent looking on the road 
in scenarios with increased task load was lower compared with the baseline condition. 
However, this observed decrease in the proportion of time spent looking at the road was 
found not to be significantly different (df=2.629, F=2.575, p=0.075). On the other hand, the 
proportion of time that participants’ gaze was directed at the signs compared with Scenario 1 
increased significantly. Overall, the data showed that Scenario 7 (increased task load and full 
co-location) was found to have the lowest average maximum gaze length.  The increased 
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duration of maximum gaze length was significant (df=2.324, F=9.955, p<0.001), with the 5, 
6, 8, and 9 all statistically significantly greater than the baseline scenario. 
 
Older drivers were more likely to drive above the speed limit in Scenarios 5-9, compared 
with Scenarios 1-4. Estimated marginal means of the maximum difference with the speed 
limit increased above baseline as signed speed limits were reduced in more complex 
scenarios. The difference between scenarios in the maximum difference with the posted 
speed limit was significantly different for complex scenarios 8 and 9. The proportion of time 
over the speed limit also increased for scenarios 6, 8 and 9. Brake jerks were more numerous 
in scenario 5. As for the young drivers, no significant difference was observed for minimum 
and mean headway as well as for the lateral control of the vehicle. For gaze behavior, only 
Scenario 5 was significantly lower in proportion of time that gaze was directed at the road 
compared to Scenario 1. Statistical analysis showed that the proportion of time spent looking 
at signs was longer for Scenarios 5 and 6 as compared to scenario 1. The mean time spent 
looking at signs increased as sign and task complexity increased for scenarios 5, 6, 8 and 9 
when compared with Scenario 1. The maximum length of a gaze on a single sign was 
measured. The variation between older drivers in the length of a single gaze on a sign 
increased as sign complexity increased. In Scenario 8, the maximum length of a single gaze 
ranged from less than 1s to as much as 5s. The maximum length of a single gaze on one sign 
also increased as sign and task complexity increased. The difference in maximum length was 
statistically significant (df=5, F=5.008, p=0.001), with the maximum gaze duration 
significantly higher in Scenario 5, 6 and 9 compared with Scenario 1.  
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Table 2. Overview of statistical results .  
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4 Discussion 
 
This research sought to investigate impact that increased sign complexity could have on 
drivers.   It is important to note that these findings represent data only for the specific sign 
arrangements tested within this study. A different arrangement of signs (arranged horizontally 
rather than vertically) may result in different observed behaviours. 
 
The findings indicate that younger drivers (age 18-22 years) made few incorrect itinerary 
decisions with the only exception being in the most complex scenario, and generally 
complied with lane closures. Following analysis, it was shown that there is a complex non-
linear relationship between task complexity and sign complexity. As a result, results from 
Scenarios 1-4 (characterized by a constant low task complexity) were analysed separated 
from Scenarios 5-9 (where both task complexity and sign co-location varied). Increasing 
levels of signage co-location had little demonstrated impact on vehicle dynamics, with mean 
speed below the posted speed limit, and mean headway greater than 1 second. However, 
increasing levels of signage co-location did have an effect on gaze behaviour of younger 
drivers. The proportion of time during a drive that gaze was directed at traffic signs increased 
from 4.5% in Scenario 1 to 14.5% in Scenario 4. The most significant gaze variable measured 
was the maximum observed duration of one gaze fixation at a traffic sign. The average 
maximum gaze length for the younger driver group was less than 1s during Scenario 1, and 
increased to 2.5s in Scenario 4. 
 
Older drivers (age 61-81 years) made 11 itinerary decision errors (spread across all task and 
sign complexity levels), and generally complied with lane closures.  Increasing levels of 
signage co-location had little demonstrated impact on vehicle dynamics, with mean speed 
below the posted speed limit, and mean headway greater than 1 second. However, increasing 
levels of signage co-location did have an effect on gaze behaviour of older drivers. The 
proportion of time that gaze was directed at traffic signs increased from 5.0% in Scenario 1 to 
over 10.0% in Scenarios 2 to 4. The most significant gaze variable measured was the 
maximum observed duration of one gaze fixation at a traffic sign. The average maximum 
gaze length for the older driver group was less than 1s during Scenario 1, and increased to 
over 2.5s in Scenario 4. 
 
For both groups in Scenarios 5-9, there was no significant change in headway and lane 
keeping. Gaze behaviour did change for both groups in Scenarios 5-9. Younger and older 
drivers had an increase in mean gaze duration, and the proportion of time spent looking at 
signs, and a subsequent reduction in the proportion of time spent looking on the road. Both 
younger and older drivers were found to have an increase in the duration of the longest gaze 
at a single sign however the exact patterns did differ. For younger drivers there was a 
significant increase in the duration, although the mean longest gaze length was not more 2s 
for Scenarios 5-8 (mean maximum gaze duration was above 2s for Scenario 9). Older drivers 
had an increase in maximum gaze length increased but not above 2s for Scenarios 6-9 (mean 
maximum gaze duration was above 2s for Scenario 5). Multiple factors may be influencing 
driver performance and gaze variables. It is possible that many changes in vehicle dynamics 
variables and gaze variables are a result of the reductions in posted speed limit, and 
subsequent reduction in drivers’ speed of travel. This forced reduction in speed of travel may 
mitigate the cognitive load of sign co-location. The relationship between speed and accuracy 
is an established psychophysical principle, and recognized in several information processing 
fields including vision and olfaction (Vickers & Packer, 1983; Rinberg, Koulakov & 
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Gelperin, 2006). Confidence in a task has also been shown to influence response speeds 
(Vickers & Packer, 1982).  
 
The results of this study show that co-location of LUMS, EVMS and Static Directional Signs, 
in the configuration examined in this study, may lead to gaze behaviours that could 
potentially increase crash risk. For both age groups tested, increasing sign complexity 
significantly changed gaze behaviour while having no significant observed effect on vehicle 
control variables. In scenarios where there was co-location of two or more signs, without the 
added task complexity, a single gaze was over 2s for more than half of the population tested 
for both younger and older drivers, and up to 6 seconds for some individuals. While signs 
were located at usual position, combining them on top of each other seems to result in similar 
results as observed by borowsky (2008) for signs in unfamiliar locations. This highlights the 
need for further research on the arrangement of signs or at the very least for educational 
campaigns to familiarise drivers with such arrangements. 
5 Limitations 
 
The study was not intended to directly compare older drivers and young drivers due to 
statistical reasons. Modest sample size results in restricted sample characteristics and inability 
to detect small-sized effects. The simulated roadside environments did not replicate complex 
‘realistic’ roadside environment (no inclusion of known external distracters – e.g. advertising 
signage). The driving scenarios did not include ‘realistic’ motivations and demands of 
driving. We were also not able to establish the difference between not-seen-the-sign, don’t-
understand-sign, and don’t-comply-with-sign (mechanisms of gaze behaviour). 
6 Conclusion 
 
The findings presented in this study are based on the specific information and arrangement 
tested here and hence, different behaviour and results may be resulted from testing different 
signs arrangement.This study showed that the sign co-location arrangements proposed in 
Queensland in conjunction with various driving task complexities had little observed effect 
on driver’s decision-making (completion of a particular route and appropriate choice of lane) 
and vehicle dynamics variables, including maximum difference with the posted speed limit, 
headway and standard deviation of lane keeping, bearing in mind the small sample size limits 
the ability to detect small effect sizes. This experiment has also shown that the placement of 
signs should be further and carefully considered to avoid excessive gaze duration. The tested 
signs are novel and more likely to attract attention, with further research required to 
determine whether drivers exposed to these signs on a regular basis will exhibit the same 
driving behaviors. The methodology implemented lends itself well to further replication and 
extension. Similar research in the future can further develop the understanding of how 
different aspects of the road environment impact driving and drivers’ actions.  
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